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[ MnoTe3a pakoBbIX
cTBoNOoBbIX KrneTok (PCK)
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Mapkepb! ansa oboraweHunsa PCK

CD133
Brain
Glioblastoma (CD133%)
Medulloblastoma (CD133%)
Colon (CD133%)
Pancreas (CD133%)
Lung (CD133%)
CD44
Breast (Edinburgh, (CD44+CD24")
Scotland)
Head and neck (CD447)
Colon (CD44*EpCAM™)
Pancreas (CD447CD24* ESA+))
CD90
Hepatocellular (CD90%)
ABC proteins
Melanoma (ABCB5%)
Functional markers
Side Population
Mesenchymal (Sp*)%e
ALDH
Breast (ALDH+)
Colon (CD44*EpCAM*ALDH1%)




CTtpaTterus B rie4eHUM paka
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CTtpaTterus B rie4eHUM paka
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Normal
Tissues

\ Compare
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Data oblained may mostly
reflect non-CSC pathways
and characternistics as non-
tumorigenic cells make up the
bulk of many tumors
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Compare CSC to non-
tumorigenic cells and normal
tissue stem cells to identify
CSC-specific pathways and
targels
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Develop CSC-targeted treatment modalities;

. Antibodies

«  CSC-targeted
radiosensitizers

«  CSC-targeted
chemosensitizers

. Differentiation agents

+  Stem cell pathway
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OHKOBUpYCHI



[1Ba cnoco6a nHpunpoBaHuns
BUPYCOM

MpoaykTneHan uHdekuma  Tpaucdopuauns MepMUCCUOHHDBIE KNETKU KNeTKU NPOAYKTUBHO
(B nepw. knetkax) {(Henepm. KneTkm) HHpuuupywTca  [OHK oHkoBUpYyca, 4yTO
——
P tove - e, conpoBoxaaerca ecrynnenuem g KL, Toraa kak
* - rr— HenepMUCCHUOHHBIE KNETKU TPaHChOPMUPYIOTCH
xowaeHne . :
BUpYca 1 Hpexupa 0 C NIMEHEHUEM ¢>eHomna
‘ oopaoBaHHe Bxowaenne
BupycHbix  BMPYCa
YacTMu
MoioHAag Hurerpauma
HHperug BupycHaa
! ® Py Pennukaupa, OHK crana
o @ | chHTES YacTbio Q
0enkKoB reHoma
Mssue Tpancdhopuauna
'Knerka
o Knetka  ysumenser
f ® @ TMOHETM  opuy O
® @ ocBob. H poct B O
BHpYC . 5




TpaHcdhopMupyroLime BUpYyChbl,
HecyLine OHKOreHbl

Knacc Tun Pa3me OHKOreHbl MpoucxoxaeHue HewncTtBune
BUpyca BUpyca p
réeHom OHKOI'¢Ha
a
IToanoma ds/IHK | 5-6 kb | T-AI' Panuumn NuakTuBanun
BHPYCHBIU PCT
reH
HPV ds/IHK | okosi0 | E6 m E7 Panuumn NuakTusanun
8 BHUPYCHBIU PCT
kb I'eH
AlleHo- ds/[HK | oxosi0 | E1A, E1B Pannnii NuakTnBanmuu
BHPYC 37 BHUPYCHBIH PCT
kb IreH
Bupyc ds/[HK | 160 kb | BNLF1 JlaTeHTHBIN NuakTuBanuun
NIITeH BHUPYCHBIM PCTI
bappa reH
Petpo- ssPHK | 6-9 kb | unauBmu- Kaerounoe AKTHBaIUA
BHUPYCHI AyajbHbIE 1100




TpaHcdopmauua BUpycom
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Tpauchomupyromui .ougcor').emﬁ/} SV40 T/t aHTHIeHbI

KneTku, TpaHchopmMMpyemMble nonuoma
BUPYCOM UNU afeHOBMPYCOM,

||coaepxaT BUpPYCHYIO

nocnefoBaTenbHOCTL, KOTOpan
BKNKOYaeT paHHOK obnacTs,
MHTErpMpoBaHMHyO B reHOM X03aMHa.
CanTbl UHTErpayum cnyvyamHbl.




UcTopua BupycHoro
KaHUueporeHe3sa (1)

I K04 EeBbIE Ba]'bl I

Bupyc 3nwrenHa-bappa

3 (EBV)
.‘;\ 196
AJ
Bupyc capkombrPayca
ubinnAaT (RSV)
1911 Bupyc nenkemum mbiluen
MbiwmnHbIN BUpYC PMXK 1951

Bupyc nemkemum ubinnAT 1936
) Bupyc nanunnombl  UHayKumMA KapUMHOMBI

Bupyc nanunnomsl  Kponuka (CRPV)  supycom CRPV AneHOoBUpPYC Yenoseka
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AACR Centennial Series




UcTopua BupycHoro
KaHUueporeHe3sa (2)

Cenasb mexay HTLV-1 u T-kneTo4HoM nenkemmen
1981

Baaumopencteme RB ¢ [JHK Bupyca
OTkpbiTHE P53 1988-89 3
1979 CBA3u BMpyca NOAMOMbI C BO3HUKHOBEHMEM paka

KneTo4yHoe npoucxoxaeHue
pPEeTPOBUPYCOB Pa3paboTka BakuuHbI n)eo)ms HPV 1996-2008
¢ 093
1976
Bupyc repneca capkombl Kanowum

1994
(93)

I
FDA opnobpuno BakuuHy npotue supyca HPV

OTKpbITUE 0OPATHON TPAHCKPUNTAa3bl BUPYCOB
1980

1970
CeAab BUPYCa BUPYyca renatuta C _ 2006
Ceagb Bupyca HBV ¢ renatouennionfpHon ¢ tenartouennionApHOM KapLUMHOMOIA

KapLMHOMOH 1985 Therapeutic efficacy of oncolytic adenovirus
Bupyc renatuta B b : Onyx-015 in treatment for certain human cancers
Cenasb Bupyca HPV ¢ BO3HUKHOBEHMEM demonstrated (114, 115)
1967-68 1974-84 pakKa LWEeNKKU MaTKn 2000
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Cancer Research




CemencrtBo lNpu3HaHHbIe OHKOBUPYCbI | BUpycbl-kaHanaaTbl

OHKOreHHbIX

BUPYCOB

Adenoviridae MNoatunbl A, B, C
Flaviviridae HCV

Hepadnaviridae HBV

Herpesviridae EBV, KSHV/HHV-8

Papillomaviridae HPV (BbICOKUI PUCK) Hpyrne tvnbl HPV

Retroviridae

Simple comlex HNLV-1 XMRV, HMTV

ALV/ASYV, avian leukosis-sarcoma virus group; BLV, bovine leukemia virus; BKV, BK virus; BPV, bovine papillomavirus;
FeLV/FeSV, feline leukemia-sarcoma virus group; GSHV, ground squirrel hepatitis virus; HERVs, human endogenous
retroviruses; HMTV, human mammary tumor virus; HVS, herpesvirus saimiri; JCV, JC virus; MCPyV, Merkel cell

nolvomavirus: MLV/MSV murine leukemia-sarcoma virus adaroup: MMTV. mouse mammarv tumor virus: MuaHV murine



B3aumoaencreme BUPYCHbIX U KNETOYHbIX 6eNKoB

Bupyc BUpPYCHbIN OHKOGENOK KneTouHaA MULLEHb
SV40 Large T antigen p53, Rb
Small t-antigen PP2A
Polyoma Large T-antigen Rb
Middle T-antigen Sre, PI3K, PLC-vy, She
Small t-antigen PP2A
Adeno EIA Rb
E1B-55K p53
Adeno type 9 E4-ORF1 Dlgl, PAT], ZO-2,
MAGI-1, MUPP1
HPV E6 p53, Dlgl, Scribble,
PAT], MAGI-1, MUPP1
E7 Rb
HTLV-1 Tax NFkB, p300/CBP,
Dlgl, Scribble
BPV E5 PDGFR receptor
EBV LMP1 TRAFs
COKPALLEHWUA:

Adeno, adenovirus; BPV, bovine papillomavirus; PDGF,

platelet-derived growth factor; PI3K, phosphatidylinositol-3 kinase;
Polyoma, mouse polyomavirus; PLC-y, phospholipase C-y; PP2A, pro-
tein phosphatase 2A; TRAF, tumor necrosis factor receptor-associated

factor.




OHKOTr eHHBLII BUPYC NONTHOMbI

T — sMeXICTONMMA BUPHON; 10 — BHEKACTONNLN mupRrOM,
JOKASHIYIOUMACH B MeXXacTOuMOM Kanaae; 1O —  ewexaciowmuit
BUPHON, AXCOPOHPOBANMNA N MCMOPINHUX KOMRONENTAX
PAIPYWICHHOM KACTKM, 2 — AACOPOIUMR BHPHORA Ma cnoloANOR
KACTOMHOM NOBEPXHOCTH, I — DATOUNTOI BHPHOND;

30— QarouMTOl BHPHONA HI MCOKXICTONNHOIO KaMaaa;

30 -~ DAroUNTOI BHPHONS HI FHIANTCKON BHY TPHIAAIMATUNCCKOR
@erocoMi; 4 — BHYTPHHHTONAAIMATHNCCKAR PIrOcoMa,
COACPAAMAR BUPHON, 5.6 ~— NPONUXHOBCHNEC BHPHOHOD

B NCOMHYKACIPHOC NPOCTPANCTNO, 7.8 - BHYTPHAACPHMA BHPONIACT]
9.10 — QOPMHUPOBINNC HYKICOXINCHAOB NO NCPHPEPHN BHPONIACTAL
14 — pnoanui supuon; 12 — tpyGuaran opMa supyca;

13 - npeanoaaracman dparmentaunn TpySraTUx Hopm BHpy<a
na noaue «chepuvecxunes: 14 — noanue Qopmu supyea: 15 —
AROPYINOC BHYTDHAACPNOC CKOMIACHHEC BUPHOHOD, 16 — BHOMAALNAN
$opma mupyca; 17 — XPACTAIIONGI06HOE BHYTPHRACHHOC CXONICHME
noanux u moaux dopm supyca; 18 — swxos noamoro mapycmoro
CKONACHNUR B nepHMyKacapnoc npocrpancino; 19 — muxoa smpycnoro
CROMJACHUA B UMTONJAAIMY M BO BHCKACTOMHOC NPpoOCTIPANCTRO,




Bupyc nanmnnombl yenoseka (HPVs)

MpununHa paka wenkm matkum (90 %
cny4aeB)



Knaccudumnkaumsa HPVs

Bonee 120 TUNoB

m

Bbicokui puck: HPV type 16, 18,
31

Okono 30%

OHKOreHHbIX Hwu3kuin puck: HPV6 and 11




OpraHu3auus anMcomMarnibHOro u
MHTEerpmpoBaHHoOro HPV

(A) (B)

Episomal HPV Integrated HPV
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gene amplification
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CxemaTnyeckasi CTPyKTypa
MUHU-reHomMma HPV-16




CTpyKTypa 6enka E7

———0

49 116

AdS E1A GFPP
laoi-mfl QI“nIFMswosI%‘e’l

LXCXE CKII CXXC

L____lEpsiormaion BIERS ATEV N




CtpyKTypa 6enka E7 (C-koHeU)




OYHKLNM BUPYCHBbIX OENnKoB

Function in viral lifecycle Activities Target factor

Replication of viral genome DNA-binding activity, helicase activity, ATPase RPA, topoisomerase, polymerase alpha-primase

Transcription of viral genes
Replication of viral genome Transactivation/transrepression, DNA-binding Brd4, ChiR1
Maintenance of viral genome activity, DNA segregation in mitotic cell

Reactivation of cellular replication mechanisms

Proliferation, immortalization, inhibition of Interaction with various cellular proteins p53, ADAZ, p300/CBP E6GAP SP1, c-Myc, NFX1-
apoptosis 91,TERT, FAK, FADD, Caspase 8, BAX, BAK, IRF3,
Maintenance of viral genome PDZ domain proteins

Reactivation of cellular replication mechanisms

Proliferation, genomic instability, inhibition of Interaction with various cellular proteins RB, p107 p130, HDAC, E2F6, p21, p27
apoptosis CDK/cyclin, ATM, ATR, gamma-tubulin
Maintenance of viral genome

Unknown

Destruction of keratin network, induction of Cytokeratin 8/18
G;M arrest of cell cycle

Possibly involved in proliferation and/or
inhibition of apoptosis Affection of cellular signaling pathway EGFR, PDGFR, V-ATPase, MHC1, TRAIL receptor,
FAS receptor

Major capsid protein

Minor capsid protein




JKN3HEeHHbIVN unkn HPV
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Normal epithelium HPV-infected epithelium
HPVs

infect speciﬁmlly the cells in the basal layer of the stratified
epithelium through lesions. Viral genomes are maintained as

episomal DNA in the nuclei of infacted cells. The viral lifecycle is

strictly controlled by host cell differentiation, and the late lifecycle
{productive lifecycle) occurs in upper layers of the epithelia that ara
terminally differentiated, and the progenitor virions are released from
the comified keratinocytes.




CTpyKTypa perynsaTtopHOro pantoHa
(long control region: LCR)

E2BS consensus sequence: |
ACCGNNNNCGGT
< B
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The structure of HPV16 LCR (region of the control of early in HPV16 LCR and the consensus sequence for E2BS is shown in an inset.
promoter P97). The early promoter P37 and replication origin are located A glucocorticoid receptor and progesterone receptor (GR/PR} recognition
in LCR, which are regulated by various cellular factors. Activity of P97 is element was also identified in the LCR. The existence of a
regulated by AP-1, NF1, SP1, TFIID, TF1, Oct-1, PSM, and the viral keratinocyte-specific enhancer (KE) has been proposed (Desaintes and

transcription factor E2. Four E2-binding sites (E2BS) have been identified Demeret, 19396).




TpaHcKkpunTbl HPV16

97
P Ps70 AE AL
Pl 1 1 1 l 1 1 1 1
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g&*%"’ (2] '239 "’33, %x:g, %Cg, A Splice acceptor site
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i AAA E1°E4 Early mRNA
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_The splicing signals and the transcripts of HPV16. P97 and
PE70 are the early and late promoters, respectively, for HPV16. AE and AL
indicate the early and late polyadenylation signals, respectively. Open

triangles indicate splicing acceptors and filled triangles indicate splicing
donors. Major mRNAs and their products are indicated. This figure is cited
from a review (Schwartz, 2008).




MexaHn3m gencrteusa HPV 6enkos
E6un E7
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Ponb NOTCH1 6benka B
KaHLeporeHese

Physiological context
genotoxic stress

( ,:,3\1

Notch1
wild-type p63
l Noteh1 induction

differentiation
and growth suppression

Pathological context

HPV mutation

P53 Inaciivauon
ANpGE3 overexpression
l Notch1 down-regulation

differentiation defect
and abnormal cell growth




Kputnyeckue atanbi HPVs -
MHOYLUMPOBaAHHOIO KaHUeporeHesa

G1/S restriction

[

Trophic Sentinel Response

pRB/E2F
Aberrant
proliferation -R

Extended
proliferation

& v D
Cellular
Immortalization




The HPV-16 ET7 oncoprotein contributes to induction of genomic instability by induction of centrosome duplication errors. Shown are
examples of different mitotic abnormalities that can be generated by numerical centrosome abnormalities. (A) Normal bipolar metaphase: each mitotic
spindle pole body consists of a single centrosome which contains two centrioles. Individual centrioles are visualized by green fluorescent protein
(GFP)<entrin fluorescence. (B) Abnormal bipolar mitosis due to centrosome aggregation. Individual centrioles are visualized by GFP-centrin fluores-
cence. The mitotic spindle pole on the left contains three centrioles, whereas the one on right contains four centrioles that may represent two aggregated
centrosomes. There is a chance for nonsymmetrical chromosome segregation upon completion of cell division. (C) Abnormal bipolar mitosis in the
presence of multiple individual centrosomes. Individual centrioles are visualized by immunofluorescence by using a centrin-specific antibody. While the
majority of the chromosomes are segregated in a bipolar fashion, the centrosomes on the left may interfere with symmetrical chromosome distribution
by apparently capturing some chromosomal material. (D) Predominantly monopolar mitosis in the presence of multiple centrosomes. Individual
centrosomes are visualized by immunofluorescence by using a vy-tubulin-specific antibody. (E) Tripolar mitotic figures are hallmarks of high-risk
HPV-associated cervical lesions. Individual centrosomes are visualized by GFP—y-tubulin fluorescence.




MHoroctragaMmnHbIn MmexaHn3m HPV-
MHAYUMPOBAHHOIO KaHLUeporeHesa

1. HPV infection + Normal Cell
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PYHKUNOHaNbHbIE AOMEHbI
T- aHTUreHa Bupyca SV 40
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OHK-Bupychl, Bbi3biBaroLwme paky
yernoBekKa (1)

Virus family Causal role in human cancer Animal models
Accepted Potential
Hepadnaviridae HBV WHYV. GSHV
Herpesviridae
Gammaherpesviruses EBV HHV-8(KSHV) HVS
Papovaviridae
Papillomaviruses HPV (high-risk types) HPV (other types) CRPV. BPV
Polyomaviruses SV40, BKV, ICV SV40, BKV, ICV, Py
Adenovindae Multiple serotypes
Poxviridae
Molluscipoxvirus MCV
Leporipoxvirus RFV
Retroviridae
Simple ALV/ASV,
MLV/MSV,
FeLV/FeSV, MMTV
Complex HTLV-1 HIV BLV

Flaviviridae HCV




OHK-Bupychl, Bbi3biBaroLwwme paky
yenoBeka (2)

associated
herpesvirus/human
herpesvirus 8

(gammaherpesvirus;
radnovirus)

~90 genes

Virus Viral taxonomy Discovery  Genome Associated human cancers
Hepatitis B virus Hepadnaviridae 1967 dsDNA (partial)  Hepatocellular carcinoma
3.2 kb, 4 genes

Human Papillomaviridae 1983 DsDNA 8 kb Squamous cell carcinomas in anogenital
papillomavirus and head and neck sites

Epstein—Barr virus/ Herpesviridae 1964 DsDNA 172kb,  Burkitt lymphoma, undifferentiated
human herpesvirus 4  (gammaherpesvirus; ~90 genes nasopharyngeal carcinoma, Hodgkin

lymphocryptovirus) lymphoma, non-Hodgkin lymphoma in
immunosuppressed patients
Kaposi sarcoma- Herpesviridae 1994 DsDNA 165kb, Kaposi sarcoma, primary effusion

lymphoma,




Pa3HooOpa3Hble MexXaHU3Mbl
neucteua JHK-oHkoBupycoB
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MuweHun ans
OHK-oHkOBUpycoOB

Virus Viral oncoproteins Cellular targets®
SV40 Large T-antigen p53. pRb
Small t-antigen PP2A
HPV E6 p53 via E6AP, DLG. MAGI-1, MUPPI
E7 pRb
Adeno E1A pRb
E1B-55K pS3
Adeno 9 E4O0RFI DLG, MAGI-1, MUPPI
BPV E5 PDGFp receptor
EBV LMPI TRAFs
HBV HBx (?) p53. DDBI
Polyoma Large T-antigen pRb
Middle T-antigen c-Sre, PI3-K. PLC-y, Shc
Small t-antigen PP2A




CBouncrBa BUPYCOB YenoBeKa

Characteristic HBV EBV HPV HTLV-1 HCV HHV-8 (KSHV) SV40 MCV
Genome

Nucleic acid dsDNA* dsDNA dsDNA ssRNA—dsDNA ssRNA dsDNA dsDNA dsDNA

Size (kb/kbp) 32 172 8 9.0 94 165 52 190

No. genes 4 =90 8-10 6 9 =90 6 =80
Cell tropism Hepatocytes, white Oropharyngeal Squamous epithelial cells T cells Hepatocytes Vascular endothelial ~ Kidney Epidermal cells

blood cells epithelial cells, B cells  (mucosal, cutaneous) cells, lymphocytes  epithelial cells,
others

Unique biology May cause chronic Immortalizes B cells ~ Highly species and tissue Immortalizes T cells. High rate of Contains many Stimulates cell ~ Species and tissue

Prevalence of

infection
Transmission
Human diseases
Human cancers
Transforming genes
Viral genome

integrated in
human tumors

infection and
inflammation

Chronic infections
common — Asia, Africa
Vertical, parenteral,
honizontal, venereal
Hepatitis, cirrhosis

HCC

HBx ?

Usually

Common
Saliva

IM. oral hairy
leukoplakia

BL> NPCF HD,
lymphomas
LMP-1

specific, replication
dependent on cell
differentiation

Common
Venereal, skin abrasions

Skin warts, EV, genital
warts, LP

Cervical, skin,
oropharynx

E6, E7

Usually

encodes trans-acting
factor

Common - Japan,

Caribbean

Breast milk,
parenteral, venereal
HAM/TSP

ATL

Tax 7

Yes (provirus)

chronic infection
and inflammation

Common
Parenteral,
horizontal
Hepatitis,
cirrhosis

HCC

N§3?

No

cellular genes

Not ubiquitous

Horizontal, venereal

KS, PEL,
Castleman’s disease

DNA synthesis

Urine?

Brain, bone,
mesothelioma

Large

T-antigen, small
t-antigen

specific

Contact, venereal

MC

No




HoBble OHKOBUPYCHI

HoBoe nccnegoBaHue ykasblBaeT Ha TO, YTO OENOK CUHTE3NPYEMbINA BUPYCOM,
BbI3bIBAKOLWNM paK, UrpaeT BaXHEWULLYIO Posb B MHMUMALNN Pa3MHOXEHUA
BUpyca, coobuiaeT Researchnews.osu.edu.

NccneposaTenu npoaHanmanpoBany T-nMMdoTponnyecknii BUpYC YernoBeka
Tmna 1 (HTLV-1) n 6enok, npoayuupyemMbii UM U Ha3BaHHbIN p13, paHee
CUYNTaBLUMIACA HE3HAYUTENBHBIM AN pa3MHOXEeHUs Bupyca. Bupyc HTLV-1
pacnpocTpaHsieTcs NyTem NoaaBneHnst HopMarbHbIX T-KNeTok (oauH n3
BMA0B UMMYHHbIX KITETOK), HE HY>KAasiCb NPW 3TOM B BblAENEHUN BUPYCHbIX
yactuy,. Bbenok p13 — oauH 13 BcrnomMoraTternbHbIX 6ekoB, nocnegHue
SKCMepUMEHTbI MoKasanu, YTo OH He3aMeHUM Npu MHAULMPOBaHUN
4yernoBeYeCKUX KNETOK, a Takke Ansa pasMHOXeHUs Bupyca.

"Heobxoammo NoHATb OYHKLUUM 3TUX BCIOMOraTenbHbIX MOMEKYs, YTOObI
pa3pabaTbiBaTb HOBblE BaKLMHbI ANsi NpeaoTBpaLleHnsa MHADEKLNI, KoTopble
MOryT CTaTb NPUYNHOWN 3TOKAY€CTBEHHbIX ONyXOnen", — cHMTaeT aBTop
nccnegosaHugd, npodeccop Mawkn J1apmop.

N3yyeHune aToro 6enka ocobeHHO BaXKHO, MOTOMY YTO OH CNOCOOEH
MUIpPMPOBaTb K MUTOXOHAPUSIM (3HepreT|/|quKme "noacrtaHumn" KneTkn) u
Bbl3blBaTb MYTEM BO3OENCTBUS HA HUX KIETOYHYIO CMepTh. ExxerogHo HTLV-1
NHMUMpPYET OT 15 00 20 MUINUOHOB YENOBEK, 5 % N3 KOTOPLIX 3abonesatoT T-
KIeToOYHOU nenkemmeun nnim IMMgoMon.



OCHOBHbIE NPUHUMUNLI
BUPYCHOro oHKoreHe3sa

Bupychbl MOryT Bbi3biBaTb pPakK Y XXMBOTHbIX U YerioBeKa

OHKOBMPYCbI YAaCTO BbI3bIBAKOT NPOAOJTXKUTESIbHYHO VIHd)eKLI,VII-O Yy
€CTeCTBeHHOro Xxo3simHa

q)aKTOpbl XO35iIMHA — BaXkHenLune AeTepMUHaHTbl B BUPYCHOM
KaHLUeporeHe3se

BupycHble nHceKkuumn — BCTpevarTcsa 4alle, Yem obpa3zoBaHue onyxosrien

ONVWHHbIN NaTeHTHbIN Neproa 00bIYHO TAHETCHA MeXAay Havyanom uHdekuum
W NosiIBIIEHNEM ONyXOu

BUpyCHbIe IMHUN MOTYT OTNNYaTbLCA MO OHKOreHHOMY NnoTeHuunany
Bupycbl eUCTBYIOT KaK NMpPSAAMble, TaK U HENPSAMbIe KaHLEepPOreHHble areHTbl
OHKOreHHble BUPYCbl UBMEHAKOT KINeTOYHbIN POCT

Mopaenu Ha XXMBOTHbIX MOTYT BbISIBUTb M€XaHU3M AEeNCTBUS BUPYCOB
BupycHble MapKepbl 0ObIYHO MPUCYTCTBYIOT B ONYyXOfeBbIX KINeTKax

OavH BMpyC MOXeT ObITb accouMmpoBaH ¢ bonee, 4eM OAUH TUMN ONYXONK



PeTpoBupycChbl



PennnkaunoHHbIN LUK
pPeTpoBUpPYyCcoOB

MpoBupyc

Al

;E; [0[) aTHaAa 1p mcxpunu,ua

4 Tpanckpunuma

> o

Tpancnauua

0
0

1. RV cBA3bIBAETCA C peLENTOPOM Ha
KNETOYHON NOBEPXHOCTH,

2. Bxopur B knetky U peeptHpyeT PHK
B 2-X UenoveyHyw JHK.

3. BupycHas HK uHTerpupyetca e
XPOMOCOMY X03AHHA

4. DopMupyeTca npoBMpycC.

5. B knetke cuHTesupyerca PHK u
TPAHCMPYKOTCA BHPYCHbIE Genku.
6. QOpMHPYIOTCA HOBbIE BUPYChI,
KOTOPbIE BbIXOAAT W3 KNETKW




[[eHeTMYecKasa opraHn3lauus

A.

ALV

MLV

HEeKOTOpPbIX PeTPOBMPYCOB

A. «HepnedekTmBHbIEN
pennMKkaunoHHO-KOMMNETEHTHbIE
BUPYChbI .

[TokasaHbl BUPYCbl C NPOCTbLIM UMK
CINOXHbIM reHomom. ALV- Bupyc
nemkosa ntuy, MLV - Bupyc
nenko3sa MbILLEN, MMTV-
MbILUKHBIKM BUpyc PMX.

CnoxHble Bupycol: HTLV — Bupyc
T-KNEeToyHOU NMemkeMmm YenoBeka,
HIV — Bupyc wnmmyHogeduumnta
YyerioBeka.



[[eHeT4Yyeckasa opraHusauus
HEKOTOPbIX PeTPOBUPYCOB

7

B. Bupychbl, Hecywine oHKoreHbl. Bce
nedektneHble, ucknovasa RSV (Bupyc
capkombl Paywa).

MC-29 —Bnpyc mmenountomMmatosa ntuy,
Ha-MSV — BupyC MbILLMHOW CapKOMbI
Xapsu

MSV - BMPYC MBbILMHON CapKOMBbI
MonoHwu

Ab-MLV — Bupyc nenkemum wmbillen
AbernbcoHa



PeTpoBupycChl, He HecyLine KrneTo4YHble
reHbl, HO UX aKTUBUpYyLOLLUEe

General class Oncogene Virus Protein product
Name Abbreviation Origin
Non-receptor protein  Lck Moloney murine leukemia virus Mo-MLV Mouse Tyrosine kinase
tyrosine kinase
Receptor protein c-erbB Rous-associated virus | RAV-1 Chicken Epidermal growth factor receptor
tyrosine kinase c-fms Friend murine leukemia virus Fr-MLV Mouse Colony stimulating factor receptor
Serine/threonine Piml Moloney murine leukemia virus Mo-MLV Mouse Serine/threonine kinase
protein kinase
Growth factor Fef3/Int2 Mouse mammary tumor virus MMTV Mouse Fibroblast growth factor
Watl/int] Mouse mammary tumor virus MMTV Mouse Secreted glycoprotein
Wat3/Int4 Mouse mammary tumor virus MMTV Mouse Secreted glycoprotein
G protein c-Ki-ras Friend murine leukemia virus Fr-MLV Mouse GDP/GTP binding
Transcription factor ~ Els] Moloney murine leukemia virus Mo-MLV Rat Transcription factor
c-fos Rous-associated virus | RAV-1 Chicken Transcription factor (AP component)
c-myb Rous-associated virus | RAV-1 Chicken Transcription factor
c-myb Moloney murine leukemia virus Mo-MLV Mouse Transcription factor
c-myc Rous-associated virus | RAV-1 Chicken Transcription factor
c-myc Moloney murine leukemia virus Mo-MLV Mouse Transcription factor
Cyclin Fisl/Cyclin D1 Friend murine leukemia virus Fr-MLV Mouse Gy cyclin

Vinl/Cyclin D2 Moloney murine leukemia virus Mo-MLV Mouse G, cyclin

a. s P P . P ST s = vww v




PeTpoBupychl, cogepxatijue
KINeTOUYHbIe OHKOreHbl

General class Oncogene Virus Protein product
Name Abbreviation Origin
Non-receptor protein  abl Abelson murine leukemia virus Ab-MLV Mouse Tyrosine kinase
tyrosine kinase fes ST feline sarcoma virus ST-FeSV Cat Tyrosine kinase
fps Fujinami sarcoma virus FuSV Chicken Tyrosine kinase
sre Rous sarcoma virus RSV Chicken Tyrosine kinase
Receptor protein erbB Avian erythroblastosis virus AEV-ES4 Chicken Epidermal growth factor receptor
tyrosine kinase fms McDonough feline sarcoma virus SM-FeSV Cat Colony-stimulating factor receptor
kit Hardy—Zuckerman-4 feline sarcoma virus HZ4-FeSV Cat Stem cell factor receptor
Serine/threonine mil Avian myelocytoma virus MH2 Chicken Serine/threonine kinase
protein kinase mos Moloney murine sarcoma virus Mo-MSV Mouse Serine/threonine kinase
raf Murine sarcoma virus 3611 MSV3611 Mouse Serine/threonine kinase
Growth factor sis Simian sarcoma virus SSV Monkey Platelet-derived growth factor
G protein H-ras Harvey murine sarcoma virus Ha-MSV Rat GDP/GTP binding
K-ras Kirsten murine sarcoma virus Ki-MSV Rat GDP/GTP binding
Transcription factor  erbA Avian erythroblastosis virus AEV-ES4 Chicken Transcription factor (thyroid hormone
receptor)
ets Avian myeloblastosis virus E26 AMV-E26 Chicken Transcription factor
fos FBJ osteosarcoma virus FBJ-MSV Mouse Transcription factor (APl component)
jun Avian sarcoma virus-17 ASV-17 Chicken Transcription factor (APl component)
myb Avian myeloblastosis virus AMV Chicken Transcription factor
myc MC29 myelocytoma virus MC29 Chicken Transcription factor
rel Reticuloendotheliosis virus REV-T Turkey Transcription factor (NF-xB family)
Adapter protein crk CT10 avian sarcoma virus CT-10 Chicken




TpaHcdopMUpyroLWUN BUPYC HECET
KOMNMuIo reHa X03AMHa

Original virus
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PeTpoBupycHasa TpaHcgopmauus

Acutely
Nontransforming

transforming E ; E ;
virus

Integration near
c-onc gene
initiates
tumorigenasis

Intects
normal cell

c-on¢

Rare racombination
results in capture of
the oncogene in the

Transformed, viral genome

Translormed,
virus-producing
cell

Nontransformed,
producer ceil




MexaHn3mMbl akTUBaLUUM
npoto-oHkoreHoB ([10)

TpacHdopmupyowaga «cuna» N0 moxer
XapakTepusoBaTbCsl NosIBIEHNEM (DOKYCOB.
Tectnpyemas kynetrypa — 3T3- MblLLMHbIE PUOPOONACTLI.

BblCOKOOd)(PEKTUBHBIE rEHbI — MHOYLMPYIOT Boree
100dbokycos/Hr AHK/1000000 kneTok.
HuskoadpdekTnBHble — meHee 10.

MyTtauma B 12-m n 61-m KoooHe c-ras genaeT 3ToT reH
BbICOKO3(P(PEKTUBHbLIM.



BcTaBkuy, TpaHCNoOKauusa nnu
amnnudukauusa moryt aktusupoBaTb 10

B cnyyae BCTaBkM unn TpaHCNoKauuu CyLLEeCTBYHT
OoKasaTenbCTBa, YTO 9TU WU3MEHEeHUdA B TreHoMe
ABNAKTCA NPUYNHOU TpaHcdopMaLuun.

B nocnegHee Bpems nony4yeHO OoKas3aTeNibCTBO, 4TO
amnnupukauma TaKke coOenuctesyetr aToMy  (Ha
npumepe Her2/Neu).

EcTb npumepbl, Korga BCTpaMBaHWe BUpyca B MEHOM
(6nn3Ko K c-myc) NnpuBoAUT K TpaHchopmaumm

Bo Bcex cny4yasx kogupylollas nocreoBaTenbHOCTb
9TOro0 reHa He M3MEHSIeTCs, a OHKOreHHble CBOWCTBA
NOABNAITCA WU3-3a MNOTEPU KOHTPONA  perynauuu
aKcrnpeccum



BapuaHTbl akTuBauunm c-myc

Mpomorop FKIOHBI
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Opyruve MO, aktTuBnpyemblie
BCTaBKOM peTpoBupyca

c-erbB,
c-myb,
C-moSs,
c-H-ras,
c-raf



Pe3ynbTaTbl TPaHCNOKaLnUu

» HacTb 6enka 'O moxeT ObITb
aKTUBMPOBaHa He3aBUCUMO OT APYrou
4acTu (c-myc).

o [lpyron napTHep B rmMOpNOHOM reHe MOXET

MMETb NMO3NTUBHBLIN 3 doekT Ha 1O
(Pnnagenbdumnckaga xpomocoma)



XpomMoOCOMbI NauueHTa C OCTpPOU
npomMmuenounTHOu nenkemuen (APL)

BuaHbl cneaymwme TpaHcnoKaumm:
-mexcay 7 m 15 xpomocomamm
-mexay 11, 15, 17 xpomocomamn
-mexcay 9 u 18 xpoumocomamm




dunapgenbdunmnckaa xpomocoma (PH)

* XpOoHnyeckas MmenoreHHasa nemkemums
(CML) — 5000kb KOHLIa 9-1 Xp. (c-abl) b 5,8kb
22-U Xp. (bcr —break-point cluster region)- 2-1
MHTPOH

* OcTpast numdobnacTtHasa nenkemus (ALL) —
TOYKa pa3pbiBa B 1-M MHTPOHE

* CnnTbl OENOK aKTUBUPYET aganTopbl Ras
6enka Crb2 n Shc



ObpasoBaHue ®PunapgensdrnncKon
XpOMOCOMbI (CML)

Qq+r22q-
92 349911

PeuunpoktHana
TPaHCNOKauuA

BCR A BL
"~ BCR-ABL
L1 I

1 " reH
BCR-ABL
CNUTbIN Genok




BapuaHTbl Ph XpoMOCOMBI

Xpomocoma 22-ber reH Xpomocoma 9-c-abl ren
Touka paipbiBa  Touka paspbisa Touka papbiBa npn
TRNALL il S CML 1 ALL
(ber = 5.8 kb)
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NTleyeHune CML

CTtaHOoapTHas Tepanua XpOHU4YEeCKOoW
MWUENoOUOHON neunkemMmnm — TUPO3UH
KNHA3HbIN ~ UHTIMOUTOP  MMaTUHUD
(imatinib).

Pesynbrat nevyenus - 81% 7-netHen
BbKMBAEMOCTN.

Dasatinib MHIIMONTOP 2-T0
MOKONEHUS.



JIlnmdboma bepkurta
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BapuaHTbl TpaHCNOKaLUnu

ocoma 14 Xpomocoma8 Xpomocoma 14
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Kapunotun numdombl bepKkuta
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JIlnmdboma bepkurta




Knaccudoukaumsa numaom

Aggressive B-cell lymphomas in the WHO Classification
(2008)

Diffuse large B-cell lymphoma, not otherwise specified
Primary DLBCL of the CNS
Primary cutaneous DLBCL, leg type
T cell/histiocyte rich large B-cell ymphoma
EBV* DLBCL of the elderly*

DLBCL associated with chronic inflammation

Primary mediastinal (thymic) large B-cell lymphoma

Intravascular large B-cell lymphoma

ALK-positive large B-cell ymphoma

Plasmablastic lymphoma

Primary effusion lymphoma

Large B-cell ymphoma arising in HHV-8-associated multicentric
Castleman Disease

Burkitt ymphoma

B-cell ymphoma, unclassifiable, with features intermediate between
diffuse large B-cell lymphoma and Burkitt lymphoma

B-cell ymphoma, unclassifiable, with features intermediate between
diffuse large B-cell lymphoma and classical Hodgkin lymphoma




BapuaHTbl TpaHCcnoKaLun

Burkitt B-UNC/BL/DLBCL DLBCLGCB
CD10+ CD10+ CD10+
BCL6 + BCL6 +/- BCL6 +
BCL2 - BCL2 + BCL2 +/-
Sox 11 +/- Sox 11 ND Sox 11 -
MIB-1 > 98% MIB-1 < 90% MIB-1 Variable
MYC simple MYC complex MYCrare +
EBV +/- EBV - EBV -




5.2.
[lepeaaya KNeTo4YHOro curHana
(CurHanbHaga TpaHcAayKuus)



5.2.1.
PaKTopbl poCTa U UX
peuenTopbl



oxoxxaeHume CUurHaria

Aswwenne nurauaa Nepenaya curnan:

"IN “ Y AR LT

~ - Mexknerouuoe np-go

PP
£y 4

32 RN
- -.-.‘------.--—"’—-' —
- - ——— - - ——— - /

Nsrana naer o Peuenrop 8i-1 ¢ upr. /-
wITonna Iy GenKoMm /




3 cnocoba Kawan Tpacnnop;;ﬁm Mmepnan{::mm R
NPOXOX- .

OeHUA | - %
curHana - ; ‘ ¥

HoHb! npoxonar Nunrann 5
Yepes KaHanb! B utozone o
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Ponb 3apsaaa B NnpoxoxaneHu curHana
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K-kaHanbl

np-Bo




CtpykTypa K-kaHana

BHekneTouyHoe np-Bo

HoHbI Kanua

Cenemuauhbn'l ¢punbrp

LeHTpanbHag Nonocrb

BHyTpeHHAa4a nopa

UuTtonnasuma




HayanbHbIi 3Tan CUrHanbHON TPAHCAYKL UK

growth factor

Kneto4yHasa
membpaHa
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S0l Growth factors
(T ool PDGF B chain
. KS/HST related to FGF
-7 wntl related to wingless
S int2 related to FGF

| Growth factor receptors
. c-erbB EGF receptor kinase
- erbB2,3 EGF-ike raceptor kinases
YN, o= c-ims CSF-l receptor kinase
T arb8 i A okt steel receptor kinase

OHKOreHbl MOryT

KoAupoBaTb CeKpeTopHble -’ m ~ .-1 ot nustowcsii,
gsp

Oenku, TpaHCMeMﬁpaHHble’ mas | 9P | Gproteinjsignal ransduction |

uuTonnasMaTtuveckue unm - o 0 00 s TP-Binding proten

AAepHble 0enkn A PR : 3 3

—associated | )
2 ..ed Intraceliular tyrosine kinases 1
' c-src membrane-associated

' c-abl  cytosolic

-+ Transcription factors
 cmyc HLH protein

cmyb transcription factor
- cdos leucine zippér protein
- Cjun leucine zipper protein
- c-rel NF-xB family .
- c-erbA  thyroid hormone moopht}

- Cytoplasmic cfps  cytosolic |
abl . 3
fos ) ' B
raf o Serina/threonine kinases '
et c-raf cytosolic f
p : - cmos cytosolic ,
vav , .

- Signaling t
crk SH2/SH3 regulator l
vav SH2 regulator _J

]
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dPakTopbl pocTa (GF)

K HacTosiLlemy BpeMeHU yCTaHOBJIEHO, YTO CEMEUCTBO
cdhakTopoOB pocTa npeactaBneHo 13 6enkamu: EGF, transforming
growth factor-a (TGF-a), amdmperynuH, heparin-binding EGF-like
growth factor (HB-EGF), 6eTauennionuH, anuperyrivui, 3anureH,
HenpoperyrnuH -1(NRG-1), NRG-2, NRG-3, NRG-4, NRG-5 n NRG-6.

Bce uneHbl 3TOro cemencrBa ABNSAOTCA TPAHCMEeMOpPaHHbIMU
Genkamu | TMNa n 3KCNPeccUpyrTCA Ha KNeTOYHON MOBEPXHOCTHU
TakMm o6pa3om, YTOObI ObITb AOCTYMHbLIMU ANA pacLiensieHns
npoTea3amMu KfIeTOYHOU NOBEPXHOCTMN.



[lpoueccuHr GF

B HeKOTOpbIX crny4yasiX, Kak 3TO noKa3saHo Angd hakropa
NRG-1betal, ero pacuiensneHue npoucxoauT B annaparte
onbaXu, Torga nuraHp ons peuenTtopa aBnseTcs
pacTtBopuMbIM. lNMpouecc obpazoBaHua pacTtBopumoro chakTopa
pocTa nony4un HasBaHue ectodomain shedding (pacTBOopeHue
3KToaoMeHa). Takum obpa3om, pacuiensnieHme hakTopoB pocTa
ABMNAETCA KPUTUYECKNM B perynsaumm nx cBA3biBaHUs C
peuenTtopomMm. [lokaszaHO, YTO BO MHOIMX ONyXonsXx peuenTopbl
EGFR 4aCcTO KOHCTUTYTUBHO aKTUBMPOBaHbI N3-3a MOCTOAHHOIO
NPUCYTCTBUA COOTBETCTBYHOLWEro pakropa pocrTa.



MexaHu3M akTuBaLuunm nporsimraHia nportea3amMmm 1
B3auMogeucTtBue PAaCTBOPUMOTIoO JiuraHaa C

peuenTopomMm.
Pacreopumein nurasg
BHekneroYHbie CTUMYNbI Mponuranp / \
ADAMs EGFRs

ADAM10

GPCR agonists GFs & Cyts . irequlin ErbB2
Angll IGF-1 Interactive mol. gm:; :;"E"g:" ErbB3
Endotherin-1 EGF @ ADAM19 Betacellulin ErbB4
Phenylephrine bFGF Epiregulin
Carbachol IL-1p PACING Epigen
Thrombin Src NRG-2
LPA PKC-8 NRG-3
Other lipids Grb2 NRG-4
Pt ‘ PI3K NRG-5

ysicochemicals Endophilin N
Wounding SH3Px1 s
uv-8 Fish
Irrackation
TPA
lon influx (Ca, K)
ROS
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Xapaktepuctuka RTKs

Y yenoBeka ngeHtTucpmumpoBaHo 58 RTKs, KOTOpble noapa3aensoTcs Ha
20 noacemeucTB

Bce peuenTtopbl UMEKOT CXOA4HYI0 MOJIEKYIAPHYIO apXUTEKTYpPY:
BHEK/ETOUYHbIN NUraHA-CBA3bIBaOWMUA AOMEH, OOUHOYHYIO
TPaHCMeMOpaHHYI cnuparb, LUTONNa3MaTU4eCKMN YHaCTOK, KOTOPbIN
COAEPXKUT TUPO3UH-KUHA3HbLIN AOMEH U AONONMHUTENbHbIN C-
TePMUHarbHbIX Y4AaCTOK U OKOFIOMeMOpaHHbIN PerynaTopHbIU y4acToK



CemeilicTBO THPO3HH-KHHA3HBIX penenTopoe

Ne | CeMmeHCTBO UneHEbl Ne CeMeHCTBO UneHb!
ceMeHCTBa CeMeHCTBa
1 EGFR Erb2 Erb3 Erb4 11 Axe Mer. Tyro3
2 InsR EGFIR. InsRR 12 Tie Tiel.2
3 PDGFR PDGFRa.p. CSE- 13 Eph EphA1-8 Al10,BI1-
IR, Fms,. 4. B6
Kit/SCFR
4 VEGFRI1 Fitl 14 Ret Ret
VEGFR2 KDR
VEGER3 Fit4
5 |FGFR FGFR1-4 15 Ryk Ryk
6 PTK7/ CCK4 16 DDR DDR1.2
7| Tk Ttk AB.C 17 |Res Ros
8 Ror Rorl-2 18 LMR LMR1-3
9 MuSK MuSK 19 ALK ALK
10 Met Ron 20 STYK1 SURTK106/STYK1




CeMencTBo peuenTopoB RTKs

Ros ALK

EMB Ins PODGF VEGF FGF PTK7 Trk Ror MuSK Met Axl Tie Eph Ret Ryk DODR
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BHekneToyHasa 4acTb HEKOTOPbIX
PELEnTOpPOB

Extracellular ligand- binding domain region
A _ TrkA

Nerve
growth factor

FGFR

Ribroblast
growth factor

B ocHoBHOM, RTKS ckiagbiBalOTC B 1MMeEPbI, KOIIA JIUTaH/
(KpacHbIii) CBA3BIBACTCS ¢ BHEKJIECTOYHBIM Y4ACTKOM.
peuenropa

(A) Aumep dakTopa pocTa HepBOB (KPAaCHBbIH) CBA3BLIBACT /IBE
TrkA MoJiekyJibl 0€3 NPAMOIr0 KOHTAKTA ABYX PelleNnTOPOB.

(B) Iumep dpakTopa cTBOJIOBOM KJIETKH (KPACHBIN) TaKKe
cBsi3biBaeT ABe MoJiekyJabl KIT. Kpome 3Toro, nBa Ig-nogo0Hbie
nomenbl (D4 n DS), B3aumMoneiicTBYOT B10Jib penentopos. Torna
KIT npeacraB/isier JMrHaja- peuenTop- OnocpeI0BaAHHYI0
MO/1eJIb JUMEePHU3aLnu.

(C) ABe mosiekyJibl penentopa ¢pakropa pocta Gpudpod1acToB
(FGFR) B3aumoneiictBy1oT yepe3 Ig-nmogooubiii 1omen D2 u
MOJIEKYJIy relaprHa UJIM FeNapuH cyJb(aT NPoTEeorJInKaH.
Kpome 31010, Ka:Kx1a5 MOJIeKyJ1a pakTopa pocTta GpudpodIacTOB
(kKpacHbIil) KOHTAKTHPYET ¢ Ig-M0K00HBIM JOMEHOM

D2 and D3 o6oux FGFR.

(D) Anmepuzanus peuentopoB ErbB onocpenoBana camum
peuenTopoM. CBA3bIBasiCh OJHOBPEMEHHO C ABYMSl JOMEHAMU
(DI u DIII) ogHoro peuentopa, JMraHa BbI3bIBAeT
koH(popmannonnbie usMeHenusi B EGFR, uro conpoBoxkaaercs
aumepusaumeit nomena II.



BHYTPpUKNEeToYHbIN gOMeH RTKs

Intracellular tyrosine kinase domain

Insulin receptor KIT Tie2
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E) UHcynuH peuentop-nofno6bHble Insulin receptor-like (akmueayusi-
nemns-uHaubupoeaHue, activation loop inhibition). B FGFR,
MHCYJIMHOBOM peLenTope U

IGF1 peuenTope akTuBaLUOHHasA NeTNsa B3aMMoaenCcTBYeT HanpsmMyto ¢
aKTUBHbIM LIEHTPOM KUHa3bl U GNOKUpyeT [OCTYyN K 6erikoBomMy
cyoctpaty (B FGFR) nnu o6oum cybctparam: AT® n 6enky (B
mHcynuHoBoM n IGF1peuenTtopax). ®occhopunupoBaHme KnroYeBbIX
TUpo3nHOB (“Y”’) paspyLiaeT 3T ayTOMHIMOMTOPHbIE B3auMoaencTBuA
M NO3BONSET KMHa3aM «peflakcupoBaTbCA» B aKTUBHOM LIEHTpe.
KIT-like (juxtamembrane inhibition). B KIT, PDFGR un Eph peuenTtopax
okonomemMmbpaHHas obnacTb (KpacHasl) B3aumMoaencTByeT C AfieMeHTaMun
aKTUBHOIO LIeHTpPa KuHa3bl (BKnto4vasa cnupanb adC M akTUBaLMOHHYIO
nNeTnko), YTO CTabMNU3NpPyeT HeaKTUBHYIO KOHoOpMaUuio .
PoccopunupoBaHue KnroYeBbIX TUPO3IUHOB OKOJIOMEMOpaHHOM
obnacTtu gectabunmsanpyeT 3TM ayTOMHIMOUTOPHbIE B3aUMOAENCTBUA U
no3sBonsieT TKD nepenTtu K akTuBHOM KOHopmauum

Tie2-like (C-terminal tail inhibition). B Tie2 (n BoamoxHo Met n Ron), C-
KOHLIeBOW XBOCT (KpacHbIn) B3aumogeunctByeT ¢ TKD, ctabunusnpys
HeaKTUBHYH KOHdopMauuio.

(F) Yuyactok TKD EGFR annocrepu4eckm akTuBMpyeTca nNpsiMbIM
KOHTakToM C-y4yacTtkom TKD, “AktuBaTopom” u N-yyactkom gpyroro
TKD, “AkuenTtop”

AktnBatop TKD gectabunusmnpyet ayTOMHIMOMTOpPHbIE
B3auMOAenCTBUSA, KyAa BOBfieYeHa akTuBaLuMoHHas netnsa Akuentopa
TKD. Hukakoro doccdopunmpoBaHus B 3TOM criyyae He TpebyeTcs.
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AKTnBaUMSA peLenTopoB CONMPOBOXAaeTCs
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AKkTnBauusa PDGFR

ATANUTHYE CKHN
lOMEeH




OCHOBHbIE€ XapaKTepUCTUKHN
HeKoTopbiX PP u nx peuentTopos

EGFR 1186 7
FGF 125 16 5 FGFR 801 160 8
IGF 70 7.6 12 IGFR 706 130 15
TGF 50 6 2 TGFR 1186 170 7
VEGF 121 46 6 VEGFR 1273 180 13

PDGF 110 14-18 7 PDGFR 1066 170 4



CemeuncTtBO Epidermal growth factor receptor
(EGFR)

* EGF Obin1 n3onnpoBaH B1962 Stanley Cohen.
« Ero B3anmogencrteue c EGFR noareepxaeHo B 1975.

* B 80-x yctaHoBneHo cxoactBo EGFR ¢ v-erbB (avian erythroblastosis
virus)

 EGFR (Takke nsBecteH kak ERBB1/HER1), ERBB2/HER2/NEU,
ERBB3/HER3 n ERBB4/ HERA4.

* ERBB2, ERBB3 1 ERBB4 nOKa3bIiBaKOT 3KCTPAKIETOYHYH rOMOJ10rnto

* OTHOCUTErNbHO EGFR 44, 36 1 48%, COOTBETCTBEHHO, TOraa Kak ang
TUPO3NH-KMHA3HOIo JoMeHa - 82, 59 and 79%, COOTBETCTBEHHO.

* EGFR reH niokanunsoBaH Ha XpomMocome 7pl12-13 v Kogupyet
e 170kDa peuentop TUPO3NH KNHA3Y.



O6wan cTtpykrtypa EGFR

Part of ligand-
binding pocket

? Deleted in EGFRvIII

Dimerization arm

Part of ligand-
binding pocket

(LLIL LI I

Kinase domain

I

Polyubiquitination

Monoubigquitination



CtpykTtypa EGFR 6enka (A), aktuBauus (B)
n gumepusauua nuraHgom (C)

A

Signal peptide B C
I: L1
L: Large EGF

Ex2-4
binding domain X

II: CR1
CR: Cysteine-rich Ex5e7

domain

l: L2
Ex8-12

Ex13-16

Transmembrane
domain

Ex18-20

Tyrosine kinase

domain Ex21-04

Regulatory = Ex25-28
domain




JiluraHgbl ona EGFR

* ilneHTndpunumpoBaHo 11 nuraHaos,
KOTOpble pa3aeneHbl Ha 3 rpynnbl:

* 1.EGF, transforming growth factor-a,
amMmnuperynmH u anureH)

e 2.EGFR 1 ERBB4 (betacellulin, heparin-binding
EGF u epiregulin);

* 3.neuregulin (NRG) (Takke N3BeCTEH KakK
heregulin) cBA3biBaeTcsd ¢ ERBB3 1 ERBBA4.



CyocTpatbl ona EGFR

* Phospholipase Cg, CBL, GRB2, SHC n p85.
* BKntoyaa mitogen-activated

e protein kinase, phosphatidylinositol 3-kinase
/AKT ”

* the signal transducer and activator of
transcription (STAT)3 and STAT5 pathways (CM.
HUXe)



AxkTnBupyembie nytm CT

Translation




AxktuBupyemblie nytn CT

EGFR dimer

: : Signal adapters
P & P and enzymes
) _/ e \ Signal cascade
' R
Transcription
Cyclin D1 ctoss

¥P Phosphorylated tyrosine residues
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MyTauun B pakoBbIX KIleTKkax Mo3ra
(rmmnobnacTtoma) u nerknx

GEM NSCLC
Ligand Binding Domain ligand \  dimer
Deletions and Point Mutations binding formation

© Kinase Domain
Nucleotide binding loop (exon 18)

- phosphate point mutations
Kinase Domain transfer 0-C-Helix (exons 19-20)
Duplications 11 activity small deletions and insertions
= = Activation loop (exon 21)
z inase point mutations
Carboxyl-tail P

Deletions regulaﬁon?




TapretHaa Tepanua EGFR-CT

mutant-specific antibodies EGFR-specific antibodies
(e.g., mAb 806 to EGFRVIII) (e.g., cetuximab)

Tyrosine kinase inhibitors
(TKls, e.g., gefitinib, erlotinib)

HSP90 inhibitors
(e.g., 17-AAG derivatives)




EGFR M pak

Mutations in lung cancer

G719 Deletion Insertion L858R
(n =569) ﬂ 3.7@ 48.&% 3.7%@ 42.7% 2.2%
P-loop aC helix A-loop

Exon
728 729

761 762

Regulatory

Mutations in glioblastoma




Down-perynaumsa EGFR
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Internalization and endosomal sorting of EGFR. Main figure:
upon activation, EGFR (green) is translocated to clathrin coated pits
(CCP) on the plasma membrane and internalized (grey arrows). After
transport to early endosomes (EE). EGFR is either recycled back to the
plasma membrane (white arrows) or taken up into intraluminal vesi-
cles (ILVs). EE will mature to late endosomes (LE), and EGFR in ILVs
will eventually be degraded in lysosomes (Lys) (black arrows). Upper
insert at the plasma membrane, EGF-activated EGFR dimerize and the
kinase activity of the receptors phosphorylates tyrosine residues (P) in
EGFR. This creates docking sites for intracellular proteins such as

MexaHuamMel gerpagaumm EGFR -

CCP

—_—

\

complexes

"ESCRT

Grb2. Grb2 mediates binding of the ubiquitin ligase Cbl that adds
mono- or polyubiquitins (Ub) to EGFR. Activated EGFR is transported
to clathrin coated pits that in addition to clathrin also consists of Eps15
and other proteins. Lower insert At the EE vacuolar membrane, EGFR
destined for degradation still binds Cbl and is continuously phosphor-
ylated and ubiquitinated. The EGFR ubiquitins are bound by Hrs that
resides in at Hrs/STAM/clathrin coat, and this is followed by binding
of ESCRT complexes to the ubiquitinated EGFR leading to uptake into
ILVs



UHTepHanus3auyua EGFR

Crosslinking of ErbB2 induces receptor internalization. a
Fixed SK-BR-3 breast cancer cells have been incubated with a mouse
monoclonal antibody against the extracellular N-terminal part of
ErbB2. and subsequently with a gold-conjugated anti-mouse antibody.
Thereafter the cells were embedded in Epon, sectioned and examined
in the electron microscope. It is seen that ErbB2 is mainly associated
with membrane protrusions. An empty clathrin-coated pit (CCP) is
also seen. b, ¢ SK-BR-3 cells have been incubated for 1 h at 37°C with
the anti-ErbB2 antibody followed by the gold-conjugated antibody be-
fore fixation and embedding. Note how the antibody crosslinking
drives ErbB2 down from the protrusions to the bulk membrane, where
it is seen in clathrin-coated pits (CCP). Labeling of a multivesicular
body (MVB) is also seen in ¢, showing that crosslinked ErbB2 is inter-
nalized. For details see (Hommelgaard et al. 2004).
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Cbl-HanpaBneHHaa MHTepHanu3auus,
MYINETUYOUKBUTUNALNA U aerpagauus

aKTUBNPOBAHHbIX RTKSs

a). lMpucoeanHenne GF wuHaoyumpyeT doc-me

RTK n mobunusaumo Cbl Kk akTmBnpoBaHHOMY

peuenTopy ¢ noMoLlblo agantepHoro 6ernka Grb2, k. Heobxogum ons aHAouuTOo3a peuenTtopa. JTO
nossondet TKB-gomeHy 6biTb dhochopunmposaHHbiM RTK (Hnp. pTyr1045 EGFR). AktnBauna Src

KMHa3 nocrie

ceaAsbiBaHus GF uHayuupyet
d-ne  Cbl n pgp. ©Genkos,

BKIOYas Sprouty.
Accounauma Sprouty ¢ RING
nanbLeBbIiM AOMEHOM

NHULMNPYET WHIMOMpoOBaHME
aktnaumm Cbl depmeHTamu
Ubc (E2s), HO d-ne no
TUPO3UHY Sprouty CHUMaeT
aTo NHrIMBMpoBaHme
BbiICBOOOXOEHMEM ero U3
RING nanbueB K TKB
aomeHy. (b). 910 paspewaet
RING pekpytnposatb E2
KOHBHOrMpyowmm ©Oenok, K.
yckopsieT
nonMyonkBnTUNALMI0 Sprouty
(c) n gerpagaunto (d)

RTK
C .o




TKB gomeH nmeet ceobogHbin goctyn K peuentopy (pTyr1045 EGF peuentop) u E3 nurasHas
doyHKkuma Cbl moxeT kaTanuampoaTb TpaHcnopT younkeutmHa ot RING-finger-bound E2 k RTK
(e). OTOT Npouecc onocpeayeT MHTeEpHanNu3auuto peuentopa. lNpogonxatwweeca gobasneHme
Yb npnBoguT K MynsTUYOUKBUAALMN, YTO ABNSIETCA CUrHaNom Ans nepeHoca B fIM30COMbI, rae
peuenTtop Oerpaguvpyer. dochopunuposaHme Cbl Takke ycunusaeTr obpasoBaHue
CIN85—endophilin komnnekca Yyepes HOBbIN nponuH-apr. Motue (PR).

oT0T KOMIMJIEKC
NoOMoraeT YyCuUnuTb
NHTEPHanNM3auuto
peuenTopa.
dochopununposaHu
e Cbl Takke RTK
pekpyTupyer SH2- e
Oenku, Takne Kak
Crk n p85 pans
yCUNeHns curHana. Membrane

Invagination

Proteasomal
degradation

Clathrin-coated Pit

Receptor
Internalization

\

Sorting
Endosomes

\

Multivesicular
Body

|

# Lysosomal

" degradation




AKkTnBauuna EGFR

) EGF induces membrane ruffling and macropinocytosis. HEp2
cells expressing GPI-GFP as a marker of the plasma membrane were
followed by 3D confocal microscopy over time. The upper panel
shows two cells that were imaged before and 5 min after stimulation
writh 1NN anl/enl DD

Avemae indicata mamheana enflac farmad aftae

EGEF stimulation. The lower panel shows that ruffling leads to forma-
tion of macropinosomes (arrows). The large image to the left shows a
cell 7 min after stimulation with 100 ng/ml EGF, and the small images

show a time sequence during which macropinosomes are formed. Bars,
e ANTE
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